The solvatochromic properties of 1 were studied using UV-Vis spectroscopy based on solutions of 1 in organic solvents with varying polarity, see Fig. 2 . The spectra feature a characteristic LMCT absorption band in the region of 350 nm to 500 nm which is strongly solvent dependent: for polar protic solvents (e.g. methanol), only one peak was observed (λ max,1 ~ 375 nm). In contrast, non-protic solvents (both polar and non-polar) give two peaks with peak maxima at approximately λ max,1 ~ 370 nm and λ max,2 ~ 415 nm. Calculations indicate that this behaviour could be attributed to hydrogen-bonding interactions between the cluster anion and the protic solvents (see ESI). When investigating the effect of solvent polarity on the molar extinction coefficient of 1 (Fig. 2b) , it was found that maximum extinction coefficients are observed for solvents with relative permittivity εr in the range of εr = 20-35, e.g. Please do not adjust margins
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To gain further insight into the electronic structure of the Lindqvist anions and their temperature-dependent changes, density-functional theory (DFT) based molecular dynamics simulations were performed (see SI). These calculations allowed a temperature dependent analysis of the HOMO-LUMO orbital energies, which showed that with increasing temperature the HOMO-LUMO gap decreases, see Fig. 4a . Due to the increased structural dynamics of the metal-oxide framework, the distribution of orbital eigenvalues is also broadened. 4-cluster show that the temperature induced decrease in HOMO-LUMO gap is accompanied by decreased excitation energies, confirming the observed bathochromic absorption shift upon heating (see SI). The structural changes upon heating are fully expected as the thermal energy introduced allows the system to occupy energetically higher-lying vibrational states resulting in the observed structural distortions of the metal oxide framework which in turn cause the changes in the HOMO-LUMO gap described. The change in physical and electronic structure in 1 was probed experimentally by temperature-dependent 51 V-NMRspectroscopy. In previous studies, it was shown that the 51 V-NMR shift of vanadium centres in Lindqvist anions can be used to probe protonation state, 21 isomerism 21 and solid-state counterion effects. 22 In the examined temperature range (220-313 K, in acetone-D6) significant changes of the chemical shift δ of the V-related signal were observed, suggesting a change of the chemical environment due to changes in the structural dynamics of the metal oxide framework, see Fig. 4b . These experimental findings were further supported by DFT calculations, which showed similar trends for the temperaturedependent change in chemical shift δ for the 51 V-NMR signals, see ESI. In summary, we report, for the first time, the solvatochromic and thermochromic properties of a family of homo-and heterometallic Lindqvist anions. Pronounced effects of the electronic environment of the cluster anion and the structural dynamics of the cluster on their ligand-to-metal chargetransfer properties are observed, suggesting that they can be used as molecular probes to gain insight into different chemical environments. Future research will target the development of chemical sensors with a particular focus on harsh chemical environments where the high cluster stability could be advantageous.
